
  

Application-Level Debugging and Runtime Visualization
Tools for Parallel Simulations within Cactus/Carpet Framework

Oleg Korobkin1,2 , Eloisa Bentivegna3, Erik Schnetter1,2

1Department of Physics and Astronomy, Louisiana State University                     2Center for Computation and Technology, Louisiana State University
3Max Planck Institute for Gravitational Physics, Potsdam, Germany

Introduction

We introduce our approach to high-level debugging and 
remote visualisation on example of Cactus / Carpet 
computational framework.

Cactus1  is an open source computational infrastructure, 
which was designed to facilitate porting scientific code 
to parallel environment across various platforms. Cactus 
is used in different fields of academic research, such as 
numerical relativity, quantum gravity, fluid mechanics, 
petroleum engineering etc. It has proven to be a useful 
tool for collaborative code development and lead to 
numerous influential publications. Carpet2 is an adaptive 
mesh refinement driver for Cactus, developed by Erik 
Schnetter and collaborators at AEI, which is used for 
accurate numerical simulations of inspiraling black holes 
and neutron star - black hole systems by several 
relativity groups worldwide.

Abstract
Development of parallel applications on massively parallel 
machines requires new approaches to the problem of identi
cation of algorithmic errors. In particular, ecient development 
of such applications needs debugging tools which allow to 
abstract from the low-level details of the implementation of a 
particular algorithm, and concentrate on principal algorithmic 
steps. Such tools should be able to drectly access the 
application data structures and functionality. Here we present 
the Alpaca toolkit, designed for application-level proling, 
debugging and runtime remote visualization. Alpaca was 
developed for Cactus/Carpet computational framework, which 
is used for parallel simulations in several research areas, such 
as numerical relativity, astrophysics, computational fluid 
dynamics, petroleum engeneering, coastal modelling etc.

In Alpaca toolkit, remote debugging tools and some of the 
runtime visualization tools are implemented in form of web 
interfaces, provided by secure web server3. The web server is 
integrated into the application, which allows it to seamlessly 
access data structures and functionality of the application. The 
web server provides control over the execution flow, so that 
the simulation can be paused, checkpointed or single-stepped. 
In the latter case, Alpaca debugging interface provides coarse-
grained control of the execution on the level of individual 
algorithmic steps, corresponding to scheduled function calls4. 
The web browser also provides capability to "steer" global 
parameters of the simulation at runtime, and visualize specic 
grid functions. The poster demonstrates the diagram of control 
and data flow between dierent user, application and web 
server. We also present screenshots of a sample session and 
an on-site demonstration using a simulation running on large 
number of cores (> 1000).

Method

High-level access to simulation data and execution flow:
1. Instrument a simulation with a unified socket connection server
2. Run the server as an independent thread on the root node of the simulation
3. Open one or more connections for a variety of interactive debugging and visualisation tools

Benefits: 
1. Multiple users can access and control the simulation at the same time. This provides useful 
and productive interaction tool between code developers, or between students and their teacher 
during class.
2. Combined usage of interactive tools provides more flexible interaction with the simulation.
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Future work
1. Improving and adding convenience 
features to the web pages user interface
2. Implementing CLI interaction with Cactus 
simulation using python shell
3. Adding more performance and memory 
monitoring features 
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Here we present a few screenshots of interacting with the 
simulation using the the Alpaca tool HTTPS.

”Home page” of the simulation, showing 
the general information: owner, number 
of processors, total run time etc.

”Steering” simulation parameters at 
runtime

VIsualization of the Cactus schedule 
tree, including current execution point

2D surface plots, generated by 
webserver using gnuplot
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